ABSTRACT purpose. To evaluate the biocompatibility of collagen membranes for host-graft integration. Methods. 18 Achilles tendons in 9 rats were used. Five tendons were controls and repaired with prolene 3-0 sutures only. The remaining 13 tendons were cases, and a 10-mm section was excised. A 15x5 mm bovine pericardial collagen membrane (Tutomesh; Tutogen Medical, Germany) was laid circumferentially around the tendon and secured with prolene 3-0 sutures. Tendons were harvested after 4 and 6 weeks. Only the repair interfaces (i.e. cut ends and immediate surrounding tissue) were evaluated. Integration of the membranes to the tendons was evaluated using a semi-quantitative wound maturation scale (1-4) based on the presence of inflammatory cells, vascularisation, fibroblasts, and the amount and alignment of collagen fibrils. The presence of fibroblasts and vascularisation were positive parameters, whereas inflammatory cell ratios were regarded as negative parameters.
introduction
Tissue engineering enables bone and soft tissue reconstruction after limb-sparing surgery for musculoskeletal oncological diseases. It modifies tissues for human use 1 and restores post-treatment deformities and eliminates the morbidity of normal tissues being harvested as grafts or surgical flaps. 2 For ex vivo production of tissue, there are 3 obstacles: (1) generation of functional tissues, (2) transplantation in a way that viability and function of cells are preserved, and (3) biological and mechanical integration of surrounding tissue. 3 Barrier membranes have been used to direct bone regeneration. 4 Unwanted cell lines should be excluded from healing sites to enable growth of desired tissue. 5 The following 'PASS' principle should be observed for bone and soft tissue regeneration: (1) primary closure of the wound, (2) angiogenesis, (3) space creation and maintenance, and (4) stability of the wound. 6 The use of membranes as scaffolds enables formation of new host tissues by providing a surface and void volume that encourages the attachment, migration, proliferation and desired differentiation of connective tissue progenitors throughout the covered area. 3 We evaluated the biocompatibility of a collagen membrane for hostgraft integration.
Materials and Methods
18 Achilles tendons in 9 Sprague Dawley rats weighing 240 to 680 (mean, 424) g were used. All experiments were approved by the institutional review board and conformed to the laws and regulations of our institution. The rats were anesthetised with ketamine and xylene (0.1 ml/100 g) intra-peritoneally. Both hind limbs were shaved and scrubbed with chlorhexidine and iodine and then washed with 70% alcohol. A posteromedial incision was made and extended from the tendocalcaneal area to the mid-leg region. The paratenon was incised longitudinally, dissected, and preserved until the Achilles tendon was exposed. The tendon was severed along its mid-substance (Fig. 1a) .
Five tendons were controls and repaired with prolene 3-0 sutures only. The remaining 13 tendons were cases and a 10-mm section was excised (making spontaneous regeneration unlikely). A 15x5 mm bovine pericardial collagen membrane (Tutomesh; Tutogen Medical, Germany) was laid circumferentially around the tendon and secured with prolene 3-0 sutures (Fig. 1b) . The membrane covered the muscle-tendon junction at the proximal end and the tendon-bone junction at the distal end. The wound was then closed with absorbable catgut 3-0 sutures. The rats were monitored regularly and allowed free-range. The Tutomesh is a xenograft for host-graft integration. The Tutoplast process enables tissue preservation and viral inactivation in spine/head/ neck/trauma, urological, dental, ophthalmological, and general surgery. 7 Solvent dehydration and chemical inactivation prevent rejection or allergic reaction and keep the tissue structure intact, and act as a scaffold to be replaced by newly formed tissues. The product has a shelf life of 5 years and requires minimal time for rehydration. 7 Respectively at the end of weeks 4 and 6, 3 and 2 control tendons and 7 and 6 case tendons were harvested together with a cuff of muscle proximally and a bone from the calcaneus distally (Fig. 2) . The harvested tendons were preserved and stored. The tendons were embedded with paraffin and sectioned longitudinally at 0.5 µm. Only the repair interfaces (i.e. cut ends and immediate surrounding tissue) were evaluated.
For histological evaluation, the sections were stained with haematoxylin and eosin and Masson's trichrome techniques. Integration of the membranes to the tendons was evaluated using a semiquantitative wound maturation scale (1-4) based on the presence of inflammatory cells, vascularisation, fibroblasts, and the amount and alignment of collagen fibrils. 8 ( Table 1 ). The presence of fibroblasts and vascularisation were positive parameters, whereas inflammatory cell ratios were regarded as negative parameters. Changes of these were defined as minimal (+1), moderate (+2), many (+3), and too many (+4). Collagen fibril alignment and quantity were positive parameters and their changes were classified as minimal rough alignment (+1), moderate alignment (+2), increased parallel alignment (+3), and regular advanced alignment (+4).
For immunohistochemical evaluation, the reagents used were CD3 and ED1. CD3 is a purified monoclonal antibody, clone 1F4 of the IgM isotype. The protein concentration is 1 mg/ml and targets F344 rat T cells stimulated with PMA (TPA) and calcium ionophore. It does not react with B-cells. The addition of the antibody to a culture of rat T cells induces the proliferation of T-cells in the presence of PMA. 9 Similarly ED1 is prepared with clone ED1 of the IgG1 isotype. The protein concentration is 0. 
results
There was no host-graft reaction or wound complication (infection, abscess or seroma). Histological and immunohistochemical assessment confirmed re-approximation of the cut tendon ends and incorporation of the membrane onto the tendon as early as week 4 ( Fig. 2) . At week 4, the mean maturation scale scores were 2.7 (standard deviation
[SD], 0.6) for controls indicating fair-to-good incorporation and 3.3 (SD, 0.5) for cases indicating good-to-excellent incorporation (p=0.11, Table 2 ). At week 6, the corresponding values were 3.8 (SD, 0.4) and 3.0 (SD, 0) [p=0.004, Table 2] .
A reparative process involving formation of blood vessels and invasion by fibroblasts was noted in both control and case tendons (Fig. 3) . In controls, T-and B-lymphocytes were present. In cases, inflammatory cells were noted at the junction of the host and membrane without invasion of the graft material. There was no lymphocytic infiltration on the graft. The foreign body reaction was localised and minimal.
discussion
The reaction of the human body to xenografts is known as a foreign body reaction. 12 Monocytes, leukocytes, and platelets are key players in normal wound healing; they adhere to surfaces of xenografts and result in up-regulation of cytokines and inflammatory processes. Complete phagocytosis is prevented when a megaprosthesis is used. A chronic inflammatory reaction forms against the xenografts and multi-nucleated giant cells appear. 13 The end stage of the foreign body reaction involves the walling off of the device by an avascular, collagenous fibrous tissue of 50 to 200 µm thick. 14 Gradual gross disintegration of the xenograft (porcine acellular dermal matrix) after implantation has been reported. 15 Histological examination showed absence of cellular components but the basal membrane remained intact. Within a week, regular arrangement of the collagen and infiltration by inflammatory cells were noted. Fibroblasts and capillary vessels increased in number gradually, and collagen became more densely. Inflammatory responses to porcine membranes containing collagen and elastin showed membrane infiltration by macrophages, fibroblasts, granulocytes, and angiogenesis as revealed by the presence of endothelial cells. 16 Prosthetic meshes have been used as a fascial substitute or reinforcement in abdominal wall defect surgeries, and result in infections secondary to the foreign-body reaction. 17 Ideal materials with minimal host-graft reaction are allografts and xenografts, as they can be rapidly replaced with the host's fibrous connective tissue. They are superior to synthetic materials, as they enable wound healing by reformation of the original matrix material instead of a foreign-body reaction. Resorption time of such organic grafts can be as short as 4 months. 18, 19 These membranes can be derived from both natural and synthetic sources. They can be nonresorbable (e.g. expanded polytetrafluoroethylene) or resorbable. Resorbable or bioabsorbable membranes can be either animal-derived (e.g. porcine and bovine) or synthetic polymers (e.g. polyacetic or polyglycolic acid). Surgical retrieval of resorbable membranes after 4 to 6 weeks can be avoided, preventing contamination of the surgical site. 20 Collagen membranes can inhibit migration of epithelial cells and promote new connective tissue attachment. 21 They also have low antigenic properties that can assist in haemostasis by platelet aggregation and lead to early clot formation and wound stabilisation. 21 In addition, their fibroblastic chemotactic properties facilitate primary wound closure. 
